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Agricultural Experiment Station 
A. s. Series 69-35 
A Study of Lysine and Distillers Dried Grains 
With Solubles in Growing-Finishing Swine Rations 
Richard c. Wahlstrom and George w. Libal 
Previous work at this station showed that distillers dried grains with 
solubles (DDG/S) could be fed in growi ng-finishing swine rations at levels up 
to 10 p ercent without affecti ng pig performance (A.S. Series 68-27) . It was 
also shown that a 20% l evel of DDG/S reduced gains sli ghtly. but its greatest 
effect was a reduction of feed efficiency. Supp l ementation of these rations 
with lysine app eared to be benefi cial. 
This experiment was conducted to further study the effect of l ysine supple­
mentation at two levels in rations containing 20% DDG/S on rate of gain, feed 
consump tion and feed effi ci ency of growi ng-fi nishing swine. 
E xperimental Procedure 
Eighty crossbred weanli ng p igs averagi ng approximately 38.6 lb. were allotted, 
four pigs per pen, i nto four repl icated groups (two of barrows and two of gilts) 
based on weight, ancestry and sex and then randomly allotted to the five exp eri mental 
treatments as follows: 
1. Com-soybean meal basal 
2. Basal p lus 0.1% L-lysine 
3. 20% DDG/S ration 
4 .  20% DDG/S p lus 0.15% L-lysine 
5. 20% DDG/S plus 0.25% L-lysine 
The composition of the rations fed is shown i n  table l. F eed and water 
were p rovided ad libitum in self-feeders and waterers located in connecti ng 
outside pens, The experiment was conducted for 83 days during the severe wi nter 
weather of 1968-69, 
Results 
A summary of the results of this experiment are shown in table 2. Average 
daily gain was significantly l ower and feed conversion significantly poorer 
when pigs received the 20% DDG/S ration. Supplementation of this r ation with 
lysine significantly improved both rate of gain and feed efficiency; however, 
the performance did not equal that of pigs fed the corn-soybean !Tleal ration, 
There were no benefits in adding lysine to the corn-soybean meal ration 
or to adding more than 0 .15�� lysine to the DDG/S ration, These results would 
indicate that 0 . 6 51� lysine is adequate for rations for growing-finishing pigs 
of this size as the com-soybean meal ration and the 20% DDG/S ration plus 0,15% 
lysine both contained 0,65% total lysine. 
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Barrows gained faster and more efficiently, though not significantly, than 
gilts. The difference in rate of gain was consistent between treatments and 
is in agreement with previous work which indicated barrows gain faster than 
gilts. However, the feed conversion differences were not consistent and may 
also have been affected by the cold temperatures and the extreme amotmt of snow 
during the period of this experiment. 
Sununary 
Weanling pigs averaging 38. 6 lb. initially gained significantly faster on 
significantly less feed when a ration containing 20% distillers dried grains 
with solubles was supplemented with 0. 15% lysine. Additional lysine (0. 2 5%) 
was of no further benefit. Supplemental lysine added to a corn-soybean meal 
ration containing 0. 65% lysine did not affect rate of gain or feed conversion. 
Table 1. Composition of Rations (Percent) 
Basal 20% DDG/S 
Grotmd yellow corn 8 2 . 3 71. 1 
Soybean meal, 50% 15. 0 6. 4 
DIX;/S 20. 0  
Limestone 0. 1 o . s  
Dicalcium phosphate 1. 0 0. 7 
Trace mineral salt (0. 8 %  Zn) 0. 5 0. 5 
Vitamin-antibiotic premixa o. 5 0. 5 
a Provided 1125 I.U. vitamin A9 340 I.U. vitamin D, 2 mg. 
riboflavin, 4 mg. calcium pantothenate, 9 mg. niacin, 
10 mg. choline chloride, 10 mcg. vitamin B12 and 10 mg. 
chlortetracycline per lb. 
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Table 2. Results of Lysine and DDG/S in Swine Rations 
Av. daily Av. daily Av. feed per 
Basal ration 
Basal + 0. 1% lysine 
20% DDG/S 
20% DDG/S + 0.15% lysine 
20% DDG/S + 0. 25% lysine 
Barrows 
Gilts 
Sex 
Ma 
F 
Av. 
M 
F 
Av. 
M 
F 
Av. 
M 
F 
Av. 
M 
F 
Av. 
feed, lb. 
5.88 
5.66 
5. 77 
5. 70 
5.60 
5. 65 
5.31 
5.29 
5 .30 
5.73 
5.45 
5.59 
5.67 
5.52 
5.60 
5.66 
5.50 
gain, lb. lb. gain, 
1. 74 3.39 
1. 72 3.29 
1. 73 3.34 
1.81 3.15 
1.59 3.55 
1. 70 3.35 
1.36 3.89 
1.32 3.99 
1.34** 3.94* 
1.65 3. 44 
1.55 3.52 
1.60 3.48 
1.67 3.39 
1.53 3.59 
1.60 3.49 
1.65 3.45 
1.54 3.59 
a Two lots of barrows and two of gilts per treatment, 4 pigs per lot; av. 
initial wt. , 38. 6 lb.; av. final wt. , 171.1 lb. 
* Significant (P < .05) . 
** Significant (P < . 01) . 
3 
lb. 
South Dakota State University 
Brookings, South Dakota 
tepartment cf Animal Science 
Agricultural Experiment Station 
A.S. Series 69-36 
E•1aluation of Milk Products in Rations for Early Weaned Pigs 
Larry A. Hauser and Richard c. Wahlstrom 
It is important to have an economical starter ration that will be highly 
palatable and result in rapid pig gains. This is especially true for pigs weaned 
at three to four weeks of age. The ration must provide all of the essential 
nutrients in a readily available form and at a cost which is not prohibitive. 
Previous research with partially delactosed whey has shown that the product 
may be less palatable for young pigs. This was thought to be due to the increased 
percentage of salts which occurs when some of the lactose is removed. If this 
is true, then the amount of salt normally added to the ration must be reduced 
to compensate for the higher level of salt in the whey product. 
The trials reported here were designed to study the effects of feeding 
milk products with and without sugar in comparison to a com-soybean meal ration 
and to determine the effect of the increased salts in delactosed whey on palat­
ability, feed consumption, and rate of gain. 
Experimental Procedure 
In trial I• 180 crossbred pigs were weaned at approximately three weeks 
of age and randomly allotted into twenty lots with nine pigs each. Four lots 
received each of the following treatments: 
1. Basal 
2. Basal + 10% delactosed whey 
3. Basal + 10% delactosed whey + 5% sugar 
4. Basal + 10% dried skim milk 
s. Basal + 10% dried skim m ilk + 501 ,0 sugar 
The rations were formulated to contain 18�� protein. The composition of 
the rations f ed is shown in table 1. 
In trial II, sixty crossbred pigs averaging about four weeks of age were 
stratified according to we:tght and divided into two replicates on a weight basis. 
The pigs were randomly allotted within replicates to five lots per replicate 
with six pigs per lot. 
Two lots received each of the following treatments: 
Treatment 1 - Ration 1, Basal 
Treatment 2 - Ration 2, 10% whey + o.5% salt 
Treatment 3 - Ration 3, 10% whey with no salt 
Treatment I - Rations ,., and 3 free-choice LI .. 
Treatment 5 - !::i.ations 1, 2 and 3 free-choice 
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These rations were also formulated to contain 18% protein. The composition 
of the rations is shown in table 2. 
The pigs in both trials were confined in 8 x 10 ft. inside, cement floored 
pens and feed and water were provided ad libitum. In trial II, the feeders 
in pens receiving treatments 4 and 5 were rotated daily to prevent pigs from 
eating out of the same feeder due to habit or position of the feeder in the 
pen. 
Each trial was conducted over a five-week period. The pigs were weighed 
weekly and feed consumption was recorded on each weigh day. 
Results and Discussion 
Trial I 
The results of this trial are summarized in table 3. Pigs receiving the 
rations containing whey or dried skim milk had average daily gains of 0.71 lb. 
when the rations did not contain sugar and 0.73 lb. when the rations contained 
5% sugar compared to average daily gains of 0.66 lb. for pigs receiving the 
basal diet. This represented a 7.5% increase in average daily gain for milk 
products alone and a 10.5% increase for milk products plus sugar. These dif­
ferences, while showing a trend, were not statistically significant. 
Good feed efficiencies were obtained on all treatments, with the average 
feed efficiency in each treatment being below 2 lb. of feed for each poWld of 
gain. 
The rate of gain of pigs weaned at an early age is generally related to 
their weaning weight. This effect was demonstrated in this trial in that the 
first replicate of pigs averaged approximately 4 lb. per pig more in initial 
weight than the pigs in the other three replicates (15.7 vs. 11.7 lb.). At 
the termination of the trial there was a difference of approximately 12 to 
14 lb. in average pig weights. The smaller pigs took a much longer period in 
adjusting to the rations and gained very little the first two weeks of the trial. 
However, the treatment differences in rate of gain were similar between the 
heavy and lightweight pigs. 
Trial II 
The results of this trial are swnmarized in table 4. The pigs in the first 
replicate were approximately 3 lb. heavier at the start of the experiment than 
the pigs in replicate 2. However, only in treatments 4 and 5 did the heavier 
pigs gain faster than the lighter pigs. 
There were no differences in the gains of pigs fed whey with or without 
additional salt when these rations were fed alone. However, in replicate 1 
pigs consumed more of the whey ration than of the whey and salt ration. A 
part of this difference can be attributed to feed wastage which can be noted 
in the poorer feed conversion for pigs on the whey ration in replicate 1. 
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The results of this trial are in agreement with those of trial I in that 
pigs receiving the whey rations alone gained slightly faster than those pigs 
fed the com-soybean meal ration (0.67 -vs. 0. 59 lb. per day) . It is difficult 
to explain why the pigs in replicate 1 that received the rations on a free­
choice basis gained at a more rapid rate than pigs on the other treatments. 
Since this large difference in gains did not exist in replicate 2, it appeared 
that it was due to chance and the mre uniform performance of the pigs in treat­
ments 4 and 5 of replicate l. 
The free-choice consumption of rations 2 and 3 (treatment 4) and of rations 
1, 2 and 3 (treatment S) are shown in figures 1 and 2, respectively. There 
was no consistent preference established for any of the rations. When the pigs 
had a choice between the two whey rations, they consumed more of the ration 
containing salt in one replicate while the other replicate consumed about equal 
quantities of each ration. When pigs had a choice of all three rations, they 
consumed about equal quantities of the com-soybean meal and whey ration with 
lesser amounts of the whey and salt ration in one case and in the other instance 
the pigs consumed very little of the whey ration, about 0.46 lb. per day of 
the whey and salt ration and 1.12 lb. per day of the soybean meal ration. 
Summary 
In this experiment 260 crossbred pigs were used to study the effects of 
adding milk products to rations for early weaned pigs. Average daily gain, 
feed consumption, feed efficiency and palatability of delactosed whey were studied. 
Although a slight increase in average daily gains occurred when pigs were fed 
rations containing milk products, this increase was not statistically significant. 
There was also no indication that the salts in the delactosed whey caused a 
palatability problem. 
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Table 1. Composition of Rations, Trial I (Percent) 
Whey Dried DSM 
+ Skim + 
Ingredients Basal Whey Sugar Milk Sugar 
Ground yellow com 63.9 57.0 50.5 60.5 54.5 
Soybean meal (48.5%) 22.2 20.0 21.5 16.0 17.0 
Rolled oats 10.0 10.0 10.0 10.0 10.0 
Sugar 5.0 5.0 
Delactosed whey 10.0 10.0 
Dried skim milk 10.0 10.0 
Dicalcium phosphate 1.9 1.5 1.5 1.6 1.7 
Ground limestone 0.5 0.3 0.3 0.4 0.3 
Trace mineral salt 0.5 0.2 0.2 0.5 0.5 
Vitamin-antibiotic premix8 1.0 1.0 1.0 1.0 1.0 
a Provided 1827 I.U. vitamin A• 340 I.U. vitamin D, 4 mg. riboflavin, 8 mg. 
calcium pantothenate, 18 mg. niacin, 10 mcg. vitamin B12, 50 mg. chlor­
tetracycline, 50 mg. sulfamethazine and 25 mg. penicillin per pound of ration. 
Table 2. Composition of Rations, Trial II (Percent) 
Ration 1 2 3 
10% Whey 
Ingredients Basal + 0.5% Salt 10% Whey 
Ground yellow corn 63.9 56.7 57.0 
Soybean meal (48.5%) 22.2 20.0 20.0 
Rolled oats 10.0 10.0 10.0 
Delactosed whey 10.0 10.0 
Dicalcium phosphate 1.9 1.5 1.5 
Ground limestone o.5 0.3 0.3 
Trace mineral salt o.s 0.5 
Trace mineral mix, gm.a 7.1 
Zinc oxide, gm. 1.4 
Vitamin-antibiotic premixb 1.0 1.0 1.0 
a Calculated to furnish approximately the same minerals as provided by the 
trace mineral salt except for the sodium and chloride. b See table 1. 
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Table 3. Whey and Dried SkiM Milk for Early Weaned Pigs 
Whey Dried DSM 
+ Skim + 
Ration Basal Whe� Sugar Milk Sugar 
No. of pigsa 36 36 36 36 35b 
Av. init. wt. , lb. 12. 6 12. 8 12. 7 12. 7 12. 7 
Av. final wt. , lb. 35. 8 37. 5 38. 2 37. 3 38. 3 
Av. daily gain, lb. 0. 66 o. 71 0. 73 o. 71 o . 73 
Av. daily feed, lb. 1. 21 1. 32 1. 41 1. 37 1. 35 
Av. feed/lb. gain, lb. 1. 85 1. 91 1. 94 1. 92 1. 84 
a Four replicate 
b One pig died. 
lots of 9 pigs each per treatment. 
Table 4, Whey in Early Weaned Pig Rations 
Treatment 1 2 3 4 5 
Rations Rations 
Whey 2 & 3 1 , 2,&3 
+ Free- Free-
Rep Basal Salt Whey Choice Choice 
No. of pigs 1 6 6 6 6 6 
2 6 6 6 5a 6 
Av. init. wt. , lb. 1 18. 7 18. 7 18. 7 18. 7 18. 5 
2 15 . 8  15. 8 15. 8 15. 8 15. 8 
Av. 17. 3 17. 3 17. 3 17. 3 17. 2 
Av. final wt. , lb. 1 38. 7 42. 5 42. 2 45. 7 50. 3 
2 37. 3 39. 0 39 . 5  37. 6 39 . 2  
Av. 38. 0 40. 8 40. 9 41. 7 44. 8 
Av. daily gain, lb. 1 0. 57 o. 68 o . 67 o. 77 0. 9 1  
2 0. 61 o. 66 o . 68 0. 62 o . 67 
Av. 0. 59 0. 67 0. 67 0. 10 o. 79 
Av. daily feed, lb. 1 1. 51 1. 35 1. 93  1. 91 2. 11 
2 1. 44 1. 35 1. 31 1. 31 1. 62 
Av. 1. 48 1. 35 1. 62 1. 61 1. 87 
Av. feed/lb. gain, lb. 1 2. 65 1. 98  2. 87 2. 47 2. 32 
2 2. 34 2. 03 1. 94  2. 11 2. 43 
Av. 2. 50 2. 01 2. 41 2. 29 2. 38 
a One pig was removed. 
8 
..Q 
.....::i 
- 6 -
l. 20 
0. 80 
1.12 
0. 80 
0.40 
Rep l Rep 2 
Ration 2 
Ration 3 
Figure 1. Average daily feed consumption, treatment 4 
Rep l Rep 2 
Ration l 
Ration 2 
Ration 3 
Figure 2. Average daily feed consumption, treatment 5 
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Department of Animal Science 
Agricultural Experiment Station 
A.s. Series 69-37 
Calcium and Phosphorus in Rations for Growing-Finishing Swine 
Richard c. Wahlstrom and J. F. Fredrikson 
Calcium and phosphorus are two mineral elements that are most often deficient 
in swine rations. Since they are associated with bone development, any lameness 
in swine is often attributed to a lack of calcium and/or phosphorus. The objective 
of this experiment was to study the value of increasing levels of calcium and 
phosphorus above the minimum recommended requirements for growing-finishing 
swine. 
Experimental Procedure 
Forty-eight weanling crossbred pig s  averag ing 44.5 lb. were divided into two 
groups and fed the rations shown in table 1. The rations fed to the two groups 
of pigs were of equal protein content. Rations A and B contained approximately 
16% protein and were fed to an average weight of about 115 lb. to market weight. 
Rations A and C fed to group I contained the minimum amount of calcium and phosphorus 
recommended by the National Research Council, while rations B and D fed to group 
II contained from 30 to 40% more calcium and approximately 100% more phosphorus 
(see table 1). The higher phosphorus levels were fed to give a 1 to l ratio 
of calcium and phosphorus in rations B and D based on a 40% availability of 
phosphorus in corn and soybean meal since it has been shown that the phosphorus 
of cereal products is largely unavailable to the pig. 
The pigs were housed in open-front houses with adjoining outside concrete 
pens where feed and water were available. 
Results 
Results of this experiment are summarized in table 2 .  Average daily gain 
and feed efficiency were very good with both ration treatments. The similar 
results in gains of 1.87 and 1.88 lb. per day and feed conversions of 3.13 and 
3.15 indicate that calcium and phosphorus levels had no effect on gain or feed 
efficiency in these rations. There were no visible differences noted in lameness 
or other bone abnormalities. 
These results support previous research indicating that present National 
Research Council recommendations of 0.65/; calcium and 0.50% phosphorus for growing 
pigs and 0.50/� calcium and 0.40% phosphorus for finishing pigs are adequate 
for maximum rate and efficiency of gain. 
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Table 1 .  Composition of Rations ( Percent) 
Ration 
A B c D 
Wean in� to 115 lb. 115 lb. to market 
Ground yellow corn 7 70 750 884 8 6 3  
Soybean meal ( 44%) 205 2 10 9 5  100 
Dicalcit.nn phosphate 9 31 5 2 7  
Disodium phosphate 4 3 
Limestone 9 9 
Trace mineral salt 5 5 5 5 
Premixa 2 . 5  2 . 5  2 . 5  2 . 5  
Calculated analysis 
Crude protein, % 1 5 . 9 5  15 . 99 12 . 1 3  12 . 1 7  
Calcium, % 0 . 62 0 . 81 o . 50 0 . 69 
Phosphorus, %b a.so (0 . 30) 1 . 01 (0 . 81) 0 . 40 (O. 22) 0 . 8 7  (O . 69 )  
a Provided 1500 I. U. vitamin A, 150 I . U. vitamin D ,  1 mg. riboflavin, 2 . 5  mg. 
calcit.nn pantothenate, 7 . 5  mg. niacin, 50  mg. choline, 5 mcg. vitamin B 12 and 5 mg. 
b oxytetracycline per pound of ration. Values in ( ) are phosphorus levels based on 40% availability of phosphorus in 
corn and soybean meal. 
Table 2 .  Calcium and Phosphorus Levels in Swine Rations 
Group I Group II 
Calcium Level 0 . 62 - 0 .so o . a1 - o . 69 
Phosphorus Level 0 . 50 - 0 . 40 1 . 01 - 0 . 8 7  
No. of pigs 2 4  2 4  
Av. initial wt. , lb. 44 . 5  44 . 5  
Av. final wt. , lb. 2 16 . 2  2 1 7 . 7 
Av. daily gain, lb. 1 . 8 7  1 . 88 
Av. daily feed, lb. 5 . 8 3 5 .  9 3  
Av. feed per lb. gain, lb. 3 . 13 3 . 15  
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Effect of Environment, Protein Level of Ration and Sex on Performance 
and Carcass Characteristics of Growing-Finishing Swine 
Richard c. Wahlstrom, George w. Libal and J. F. Fredrikson 
Previous research at the Southeast South Dakota Experiment Farm has shown 
that the main economical advantage of controlled environment housing for swine 
is an improved feed efficiency during the winter months. Some research workers 
have reported that gilts require a ration of higher protein content than do 
barrows. If this observation is true, barrows and gilts should be fed separately 
for maximum performance and efficiency. The purpose of the experiment reported 
herein was to study the performance of barrows and gilts fed separately rations 
containing either 17 or 15% protein to about 110 lb. and 14 or 12% protein from 
110 lb. to market when housed in a controlled environment building or an open­
front building with feeders and waterers outside. 
Experimental Procedure 
Fifty-six barrows and 56 gilts weighing approximately 41 lb. were allotted 
into four groups of barrows and four of gilts with 14 pigs per group. 
A 2 x 2 x 2 factorial design was used with the variables being environment, 
protein level and sex of pigs. The eight experimental treatments were: 
1. Controlled environment, high protein ration, barrows 
2. Controlled environment, high protein ration, gilts 
3. Controlled environment, low protein ration, barrows 
4.  Controlled environment, low protein ration, gilts 
5. Uncontrolled environment, high protein ration, barrows 
6. Uncontrolled environment, high protein ration, gilts 
7. Uncontrolled environment, low protein ration, barrows 
8. Uncontrolled environment, low protein ration, gilts 
The composition of the rations used is shown in table 1. Protein was reduced 
in each ration when the pigs weighed approximately 110 lb. The controlled environment 
house was a fully insulated, ventilated, slatted floor house. The temperature 0 was maintained between approximately 50 and 60 F. and supplemental heat was 
not required. The uncontrolled environment consisted of an open-front, pole 
type building with concrete floor and outside concrete feeding floor where self­
feeders and automatic waterers were located. A partition approximately three 
feet high was placed across the back part of the house to form a confined and 
protected area for the pigs. This a�ea was bedded with straw. 
The experiment was conducted d�ring the winter months (November 1 to February 18) . 
Average maximum temperatures were ,5, 26, 19 and 27° F. and average minimum temperatures 
were 27, 10, 1 and 8° F. for the months of November, December, January and February, 
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respectively. Approximately 70 inches of snow fell during the period of this 
experiment. Because of the extreme amount of snow over a prolonged period of 
time, it was impossible to keep the pens free of snow even around the feeders 
and waterers. An electric wire was placed on top of the wooden fences to prevent 
pigs from walking over the fences. 
At the termination of the 109 -day trial, 4 0  barrows. ten from each group, 
were slaughtered and carcass data were obtained for carcass length, backfat, 
loin eye area and ham and loin percent. 
Results 
Table 2 shows the results of this experiment. There were no differences 
in rate of gain between pigs housed inside in a controlled environment building 
and those housed in an open-front outside building. However. significantly 
less feed was required per unit of gain when pigs were housed in the controlled 
environment building. Over 50 lb. more feed were required per pig to reach 
market weight when pigs were fed outside and housed in an uncontrolled building. 
More feed was consumed by the pigs in the uncontrolled environment. This could 
be due to an attempt of the pig to compensate for the extra energy required to 
maintain body temperature in the colder environment. There were 26 days when 
the temperature dropped to zero or below with a low of 25 degrees below zero. 
There were also 3 days that the maximum temperature was below zero (-1, -1 and 
8° �). Although no record was kept of the amount of labor required, it should 
be pointed out that it did require considerable more labor to care for the pigs 
in the uncontrolled environment to keep the pens moderately free of snow and 
manure. 
Neither rate of gain nor feed efficiency were affected by level of protein 
fed. Even the 15 to 12% protein sequence appeared to be adequate for gilts. 
These results would differ from those of some workers in this respect. Barrows 
gained significantly faster than gilts, but feed conversions were very similar. 
We reported similar results in regard to sex at the 1968 Swine Field Day (A.s. 
Series 68-28) . 
Carcasses of barrows fed in the controlled environment house had significantly 
less backf at and larger loin eye areas than did the carcasses of barrows fed 
outside. Significantly less backfat was also noted on the carcasses of barrows 
fed the higher protein ration (17 to 14%) than when the lower protein ration 
(15 to 12%) was fed. The smaller average loin eye area of pigs fed the higher 
protein ration, though not significant, is contrary to the results of some other 
research. Although certain differences existed in backfat and loin eye area. 
there were no treatment differences in average ham-loin percent. 
Summary 
Performance of pigs from approximately 40 lb. to market weight was similar 
on rations containing 17 or 15% protein to 110 lb. body weight and 14 or 12% 
protein from 110 lb. to market weight. Pigs housed in an open-front building 
with outside area gained as fast as those housed in a controlled environment 
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building, but they required significantly more feed per unit of gain. Barrows 
gained significantly faster than gilts. Decreased carcass backfat was found 
when pigs were fed the higher protein ration and also when housed in the controlled 
environment building. 
Table 1. Composition of Rations (Percent) 
Ground yellow corn 
Soybean meal (44%) 
Dicalcium phosphate 
Limestone 
Trace mineral salt 
Vitamin-antibiotic premixa 
Calculated analysis 
Crude protein• % 
Calcium, % 
Phosphorus, % 
High Protein 
To 110 lb. 
110 lb. to market 
73.7 
23.5 
1.6 
0.5 
0.5 
0.2 
17 
o.65 
0.64 
82.7 
14.9 
l. 1 
0.6 
0.5 
0.2 
14 
0.55 
0.52 
Low Protein 
To 
110 lb. 
79. 2  
17.9 
l. 7 
o.5 
o.s 
0.2 
15 
0.66 
0.64 
110 lb. 
to market 
8 8.2 
9 .3 
1.2 
o.6 
0.5 
0.2 
12 
0.56 
0.52 
a 
Provided 1500 I.U. vitamin A, 150 I.U. vitamin D, 1 mg. riboflavin, 2.5 mg. 
calcium pantothenate, 7.5 mg. niacin, 50 mg. choline, 5 mcg. vitamin B12 and 
5 mg. oxytetracycline per pound of ration. 
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Table 2. Effects of Environment, Protein Level and Sex on Pig Performance 
Environmental Protein Level Sex 
Con- Un con-
trolled trolled 17-14 15-12 Barrows Gilts 
No of pigsa 55 54 54 55 54 55 
Av. initial wt., lb. 41.3 41.1 41.2 41.2 42.0 40.4 
Av. final wt., lb. 209.0 213.6 209 .8 212.7 217.2 205.4 
Av. daily gain, lb. 1.54 1.58 1.55 1.57 l.6lb 1.51 
Av. daily feed, lb. 5.1 5.8 5.5 5.4 5.6 5.3 
Av. feed per lb. gain, lb. 3.34c 3.65 3.52 3.46 3.50 3.49 
Carcass data 
Av. length, in. 30.5 30.5 30.5 d 30.5 Av. backfat, in. l.36c 1.46 1.36 1.46 
Av. loin eye area, sq. in. 4 .39e 4.05 4.10 4.36 
Av. ham-loin, % 37.7 37.7 37.7 37.7 
a Two lots of barrows and two lots of gilts per treatment, 14 pigs per lot. Two 
pigs died and one removed because of prolapse. 
b Significant (P < .Ol) difference in sex. c Significant (P < .025) difference in environment. 
d Significant (P < .05) difference in protein levels. 
e Significant (P < .05) difference in environment. 
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Feeding Hormones to Finishing Swine 
R. c. Wahlstrom and J. F. Fredrikson 
A. S. Series 69-39 
Diethylstilbestrol has become a rather common additive in beef cattle rations 
but has not been effective as a growth promotant in swine rations. Recent research 
has shown that combining the female hormone diethylstilbestrol (DES) with the 
male hormone methyltestosterone (MT) improves feed efficiency of pigs fed these 
rations from a weight of about 120 lb. to market. This experiment was conducted 
to obtain information on the effect of these hormones on growth, feed efficiency 
and carcass characteristics of finishing swine. 
Procedure 
Forty-eight female and 42 castrated male pigs were divided into two replicates 
on the basis of weight and sex. Pigs were then allotted into 6 lots of 15 pigs 
each with each lot containing 8 gilts and 7 barrows. Average initial weight 
of the pigs was 119 and 9 8  lb. for replicates 1 and 2, respectively. Two lots, 
one from each replicate, received each of the ration treatments which were: 
Basal ration 
Basal ration + 2 grams DES and 2 grams MT per ton 
Basal ration+ 2 grams DES, 2 grams MT and 10 grams Tylosin per ton 
The composition of the basal ration is sh�m in table 1. 
The pigs were weighed off of the experiment when they reached an individual 
weight of 205 lb. or more on the weekly weigh day. They were removed from the 
test pens and fed the control ration for 72 hours before being marketed. 
Carcass data obtained after carcasses had been cooled for approximately 
24 hours were carcass length, backfat, percent ham and loin and percent of lean 
cuts (ham, loin, picnic shoulder and Boston Butt) . 
Results 
Growth performance data are summarized in table 2 and carcass data in table 3. 
The gains of pigs on all treatments were similar. Pigs in replicate 1 gained 
1. 83, 1.84 and 1. 84 lb. per day and in replicate 2 gains were 1. 90,  1. 95,  and 
1. 9 2  lb. per day for pigs fed the basal ration, DES + MT and DES + MT + tylosin, 
respectively. Pigs receiving the rations containing the hormones consumed less 
feed daily and required less feed per unit of gain than did the pigs fed the 
basal ration. Approximately 9 %  less feed was required by the pigs fed the supple­
mented rations in replicate 1 and in replicate 2 pigs fed DES + MT required 
4. 5% less feed and those fed this combination of hormones plus the antibiotic 
tylosin re�uired 10% less feed. 
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DES + MT decreas ed carcas s backfat significantly (P < .OS) when fed alone 
and highly significantly (P < .Ol) when fed in combination with tylosin. Although 
other carcass measurements did not differ significantly, there was a trend for 
leaner carcasses from the pigs fed the hormone containing rations. Ham and 
loin increased from 40.4 to 40.8 and 41.3% and lean cuts increased from S6.5 
to S7.4 and S8.3% when pigs were fed the basal ration, DES + MI' and DES + MT 
+ tylosin, respectively. 
Stmnnary 
Ninety finishing pigs were used in an experiment to study the effect of 
a dietary combination of diethylstilbestrol (DES) and methyltestosterone (MT) 
and a combination of DES, MT and tylosin. 
Feed efficiency was improved from 4.S to 10% when DES + MT or DES + MT 
+ tylosin were included in the ration. Carcass backfat was also significantly 
reduced when these additives were fed. Growth rate was not affected by either 
treatment. 
Table 1. Composition of Ration, Percent (Summer 19 68) 
Ground yellow com 
Soybean meal, 44%  
Dehydrated alfalfa meal, 17% 
Meat meal, SO% 
Wheat middlings 
Fish solubles 
Calcium carbonate 
Dicalcium phosphate 
Salt 
Trace mineral mix 
Vitamin premix 
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Control 
80.00 
9 .4 7  
1.00 
4 .00 
3.00 
1.00 
0.60 
0.30 
a.so 
o.oa 
o.os 
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Table 2. Growth Performance Data of Pigs Fed Hormones (Summer 1968) 
DES +.Mr 
C6ntrol DES +MT + Tylosin 
Rep I 
No. of pigs 15 15 15 
Av. initial wt. , lb. 118.9 118.9 118.9 
Av. final wt. , lb. 211.3 211.6 210.1 
Av. daily gain• lb. 1.83 1.84 1.84 
Av. daily feed• lb. 6.51 6.01 5.99 
Av. feed per lb. gain, lb. 3.56 3.27 3.25 
Rep II 
No. of pigs 15 15 15 
Av. initial wt. • lb. 9 8.1 9 8.0 98.1 
Av. final wt. • lb. 208.7 211.5 211.2 
Av. daily gain, lb. 1.9 0 1.95 1.9 2 
Av. daily feed, lb. 6.24 6.11 5.70 
Av. feed per lb. gain, lb. 3.29 3.14 2.96 
Table 3. Effect of Hormones on Carcass Characteristics of Swine 
Pigs per treatment 
Cold carcass wt. , lb. 
Av. carcass length, in. 
Av. carcass backfat, in. 
Av. % ham and loin 
Av. % lean cuts 
Control 
30 
155.2 
30.6 
1.49 
40.4 
56.5 
* Significantly less than controls (P < .OS). 
** Significantly less than controls (P < .01) . 
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DES +MT 
30 
157.1 
30. 7 
1.40* 
40.8 
57. 4 
DES+ MT 
+ Tylosin 
30 
157.0 
30.8 
1. 36** 
41.3 
58.3 
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High-Lysine Corn in Growing Pig Rations 
Richard c. Wahlstrom and George w. Libal 
A.S. Series 69 -40 
In 1935 workers at the Connecticut Agricultural Experiment Station discovered 
a mutant gene in corn called Opaque-2. Yet high-lysine corn, the product of 
this discovery, was not identified until 1963 at Purdue University. Since that 
time several experiments have been conducted on the value of the product in 
both ht.nnan and animal nutrition. Also, considerable research is under way on 
the production aspects of high-lysine corn. 
Regular corn is deficient in two of the essential amino acids needed by 
swine--lysine and tryptophan. High-lysine corn is also higher in tryptophan 
than normal corn. In certain other amino acids high-lysine corn may be higher 
or lower than nonnal corn. This experiment was conducted to study the value 
of high-lysine corn in rations for young growing pigs when the protein requirements 
are more critical than later in the growing period. 
Experimental Procedure 
Seventy-five pigs averaging about 22 lb. were divided into 15 lots on the 
basis of sex, weight and ancestry. Three lots were then randomly assigned to 
each of five treatments which were as follows: 
1.  15% protein regular corn ration 
2. 15% protein regular corn ration + 0. 26% L-lysine 
3. 15% protein high-lysine corn ration 
4 .  16. 5% protein high-lysine corn ration 
5. 18. 7% protein regular corn ration 
The composition of the rations fed is shot-m in table 1. Feed and water 
were provided ad libitum. Waterers were located in the house while feeders 
were in connecting outside pens. The protein and amino acid contents of the 
regular and high-lysine corn are shown in table 2. These analyses were conducted 
by the Station Biochemistry Department, South Dakota Agricultural Experiment 
Station. The high-lysine corn was supplied by the Trojan Seed Company, Olivia, 
Minnesota. Because of a limited supply of high-lysine corn, the experiment 
was terminated after 54 days. 
Results 
The growth performance data are summarized in table 3. Pigs receiving 
the 15% protein regular corn ration gained at the slowest rate. This would 
be expected since this ration contained only 0. 64% lysine which is below the 
recommended level for pigs of this weight. Supplementing this ration with 0. 26% 
lysine (total lysine 0. 90%) or using high-lysine corn in a 15% protein ration 
resulted in a 10 to 13% increase in average daily gain and a 9 to 10% improvement 
in feed ef ficiency. 
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The 16,5% protein high-lysine corn ration was equal in lysine content to 
the 18,7% protein regular corn ration. Pig perfonnance on these two rations 
was similar and slightly better than that of pigs fed the 15% protein high­
lysine or regular corn plus lysine rations, Pigs fed the high-lysine corn ration 
containing 16,5% protein gained 1.40 lb, per day and required 2,38 lb. of feed 
per lb. of gain while those on the 18. 7% regular corn rations gained 1. 35 lb. 
per day with a feed conversion of 2.36. 
It is apparent from this and other research that high-lysine corn will 
support optimum pig performance at a lower protein level than when regular corn 
is fed. It is also possible that the improved gains on high-lysine corn rations 
compared to regular corn rations could be due to increased levels of other essential 
amino acids besides lysine, An inspection of table 2 will indicate that differences 
do exist in levels of several of the amino acids. High-lysine corn is not necessarily 
higher in protein content than regular corn. The corn used in this experiment 
was quite similar; high-lysine corn analyzed 10.12% protein and the regular 
corn had 10.03% protein. 
Summary 
Pigs weighing about 22 lb. initially gained 0 .15 lb. per day faster and 
required 27 lb. less feed per hundred weight of gain when fed a 15% protein 
high-lysine corn ration compared to those fed a 15% protein regular corn ration. 
Supplementing the regular corn ration with 0,26% lysine improved performance 
to a level similar to those fed the 15% protein high-lysine ration. Additional 
improvement in gains and feed conversion. though not significant, were obtained 
when 16.5% protein high-lysine corn or 18,7% protein regular corn rations were 
fed. 
Table 1. Composition of Rations (Percent) 
Ration A B c D E 
Normal corn 83.3 83.3 73.8 
High-lysine corn 83.3 79.5 
Soybean meal (48.5%) 13.8 13.8 13.8 17.6 23.4 
Dicalcium phosphate 1. 7 1. 7 1,7 1.7 1.6 
Ground limestone 0,6 0,6 o.6 o.6 0.6 
Trace mineral salt 0.5 o.s 0.5 0.5 0.5 
Vitamin-antibiotic mix a 0.1 0.1 0.1 0.1 0.1 
L-lysine 0.26 
Calculated protein content 15.0 15.0 15.0 16 .5 18.7 
Calculated lysine content o.64 0,90 a.so o.9o 0,90 
a Provided 1125 I.U. vitamin A, 340 I.U. vitamin D, 2 mg. riboflavin. 4 mg. 
calcium pantothenate, 9 mg, niacin, 10 mg. choline chloride, 10 mcg. 
vitamin B12 and 10 mg. chlortetracycline per lb. 
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Table 2. Amino Acid Content of High Lysine and Nonna! Corn (Percent) 
High Lysine Normal 
Lysine o.46 0.27 
Histidine 0.32 0.21 
Arginine o. 70 0.44 
Threonine 0,31 0.20 
Valine 0.56 0.52 
Methionine 0,18 0.22 
Cystine 0,15 0.16 
Isoleucine 0,34 0.30 
Leu cine 0.85 1,07 
Phenylalanine 0.44 0.43 
Aspartic acid 0.98 o.52 
Serine 0.48 0.44 
Glutamic acid 1.66 1.60 
Pro line 1.36 o.75 
Glycine 0.39 0.33 
Alanine 0,62 0.58 
Tyrosine 0.35 0.35 
Protein 10.12 10.03 
Table 3, Results of Feeding High-Lysine Corn to Young Growinp, 
Regular 
Regular Corn + 
Corn Lysine 
Protein, % 15 15 
Lysine, % o.64 0.90 
No. of pigs8 15 14b 
!nit. wt., lb. 22.6 22.6 
Final wt., lb. 85.1 91.7 
Av. daily gain, lb. 1.16 1.28 
Av. daily feed, lb. 3.13 3.17 
Av. feed per lb. gain, lb. 2.10 2.49 
a Three lots of 5 pigs each per treatment. 
b One pig died, data not included. 
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High- High-
Lysine Lysine 
Corn Corn 
15 16.5 
0,80 0.90 
15 15 
22.2 22.2 
92.9 97.9 
1.31 1.40 
3.19 3.33 
2.43 2.38 
Pigs 
Regular 
Corn 
18.7 
0,90 
15 
22.3 
95.3 
1.35 
3.19 
2.36 
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Studies of High Level Copper Supplementation to Rations for Growing Swine 
Larry DeGoey and Richard c. Wahlstrom 
Scientists are continually seeking ingredients to be added to common swine 
rations which will increase gain and feed efficiency. During recent years there 
has been some interest in copper as a growth promoting factor when fed at high 
levels. Several reports have indicated that copper is an effective growth 
stimulant when added to swine rations at a level of approximately 250 ppm. However, 
its widespread usage as a feed additive has been restricted by reports of toxicity 
at levels generally recommended for improving rate of gain and feed efficiency. 
Experimental Procedure 
Seventy-two crossbred pigs were used in trial I and randomly allotted from 
outcome groups on the basis of litter, weight, and sex into 12 lots of six pigs 
each. Three lots of pigs received each of the following treatments: 
1. Basal ration 
2. Basal ration plus 250 ppm copper 
3. Basal ration plus 100 ppm iron and 100 ppm zinc 
4. Basal ration plus 250 ppm copper, 100 ppm iron, and 100 ppm zinc 
The pigs were confined on concrete with feed and water supplied ad libitum. 
Blood samples were obtained after the pigs had been on trial 26 days and at 
the end of the experiment. Composition of the basal ration is presented in table 1. 
In trial II, which was conducted during the summer of 1969, 120 crossbred 
pigs weighing approximately 50 lb. were allotted, five pigs per lot, three barrows 
and two gilts, into three replicated groups of eight lots each. The basal ration 
was the same as for trial I but the treatments were changed as follows: 
1. Basal ration 
2. Basal ration plus 50 ppm molybdenum 
3. Basal ration plus 100 ppm iron and 100 ppm zinc 
4. Basal ration plus 50 ppm molybdenum, 100 ppm iron and 100 ppm zinc 
5. Basal ration plus 500 ppm copper 
6. Basal ration plus 500 ppm copper and 50 ppm molybdenum 
7. Basal ration plus 500 ppm copper, 100 ppm iron and 100 ppm zinc 
a. Basal ration plus 500 ppm copper, 50 ppm molybdenum, 100 ppm iron 
and 100 ppm zinc 
The pigs were confined on concrete with feed and water supplied ad libitum 
in outside lots. Bi-weekly weights were obtained for progress studieS:" Blood 
samples were obtained when the pigs had been on trial 23 days and at the termination 
of the trial and analyzed for hemoglobin, hematocrit, and copper and zinc concentration 
in the blood serum. 
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Results 
A slUllmary of the results of trial I is presented in table 2 • Pigs receiving. 
rations containing either supplemental copper alone, iron and zinc combined 
or a combination of copper, iron, and zinc gained faster and consumed more feel 
than the pigs fed the basal ration. Average daily gains were 1. 27, 1.63, 1. 64 
and 1. 72 lb. per day and feed consumption averaged 4. 51, 5. 95, 5. 78, and 5. 76 
lb. per day for pigs fed the (1) basal, (2) copper, (3) iron and zinc or (4) 
copper, iron and zinc rations, respectively. The pigs in the first replicate 
were heavier at the beginning of the trial and gained faster than the other 
two replicates except when the combination of copper, iron and zinc was fed. 
A higher incidence of parakeratosis was observed in the pigs fed the basal 
ration alone, which may have accounted for the lower feed intake and reduced 
gain. Pigs with a heavier initial weight were less severely affected than those 
of a lighter starting weight. Copper in the ration reduced the severity of 
skin lesions associated with the disease, while iron and zinc completely prevented 
these lesions. 
Pigs receiving rations with copper had slightly higher serum copper concen­
trations and considerably higher liver copper levels. Pigs fed rations without 
added copper had approximately 20 ppm copper in the liver compared to 446 ppm 
for those pigs receiving 250 ppm copper in their rations. When zinc and iron 
were included in the ration along with copper, the average copper level of the 
liver was reduced to 175 ppm. No visible signs of copper toxicity were observed 
in this trial. Zinc concentrations in blood serum and liver also increased 
when supplemental zinc was fed. 
Table 3 swnmarizes the available data of trial II. All the chemical analyses 
have not been completed and will be reported at a later date. 
Pigs fed zinc and iron alone had the highest average daily gains. Gains 
were slightly less when molybdenum was added with the zinc and iron and they 
were approximately 12% less when 500 ppm copper were included with these minerals. 
Copper alone, or in combination with molybdenum, resulted in pigs gaining slightly 
less than those fed the basal ration. It appears that copper fed at 500 ppm 
is slightly toxic. Necropsy examinations on the three pigs which died revealed 
large gastric ulcers which had bled profusely. The stomachs were filled with 
large blood clots and the entire intestinal tract was filled with free blood. 
These conditions may have been caused by the high copper levels as all three 
of these pigs were receiving rations containing 500 ppm copper. Molybdenun 
in the diet gave no growth response nor did it offset the symptoms of copper 
toxicity, which it has been shown to do in other species. 
As in trial I, a higher incidence of parakeratosis occurred in the basal 
ration and also in the molybdenum-treated diet. Copper added to the ration 
reduced the severity of gross skin lesions and zinc completely eliminated the 
symptoms associated with the disease. 
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Although some variability was observed between pens in daily feed cons1..Vllption 
and feed efficiency, average differences were small. Ranges of 5.19 to 5.98 
lb. for feed consumption and 3.31 to 3.73  lb. feed per pound gain were noted 
with no definite trend apparent due to any of the minerals fed. 
Hematocrit and hemoglobin values were decreased by the inclusion of copper 
in the diet. When iron was added to the diets already containing copper, slight 
increases in the hemotocrit and hemoglobin values were observed. However, 
they did not reach the levels present in pigs fed rations without copper. 
Summary 
Two trials were conducted to study the effects of copper levels in the 
ration on performance of growing-finishing swine. Pigs receiving copper in 
the diet at 250 ppm (trial I) had a faster rate of gain than those fed the 
basal ration. The addition of zinc and iron with copper in the diet produced 
no added response. When copper was raised to 500 ppm ( trial II) , it appeared 
that the toxic level was reached and a slight depression in gain was observed 
when compared to the basal ration. Zinc and iron added to the basal diet resulted 
in pigs gaining 13% faster than those receiving the basal ration. When zinc 
and iron were added to a ration containing 500 ppm of copper, a slight increase 
in gains was noted. In both trials, feed per unit of gain was not greatly 
affected. SertUn copper and zinc levels were increased when these minerals 
were added to the rations. Liver copper levels increased approximately twentyfold 
and liver zinc levels doubled when 250 ppm copper and 100 ppm zinc were added 
to the rations. Zinc additions to the copper-supplemented ration reduced copper 
levels in the liver. Pigs receiving 500 ppm copper had lower hematocrit and 
hemoglobin values than those not receiving the mineral. 
Table 1. Composition of Basal Rations (Percent) 
To 120 lb. 120 lb. to market 
Ground yellow corn 7 9.4 8 9.8 
Soybean meal (50%) 17.7 7.9 
Limestone 0.5 o .s 
Dicalcium phosphate 1.7 1.1 
White salt 0.5 o .s 
Premixa 0.2 0.2 
Calculated analysis 
Protein, % 16.0 12.0 
Calcium, % 0.65 o . s 
Phosphorus, % 0.65 o .s 
a Provided 1350 I.U. vitamin A, 200 I.U. vitamin D, 
2 mg. riboflavin, 4 mg. calcium pantothenate, 9 mg. 
niacin, 10 mg. choline chloride and 7 mcg. vitamin 
B12 per pound of ration. 
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Table 2 .  P erfonnance of Pigs Fed S upplemental Copper, Iron and Zinc (Trial I)  
ReE Basal 
No . of pigsa 18 
Av. init. wt. , l b. 39 . 9  
Av. final wt . ,  lb. 169 . 8  
Av. daily gain, l b. 1 1 . 45 
2 1 . 2 2  
3 1 . 15 
Av. 1 . 2 7  
Av. daily feed, lb. Av. 4 . 51 
Av. feed per lb. 
gain, lb. 1 3 . 25  
2 3 . 6 1  
3 3 . 79 
Av. 3 . 55 
S erum copper, ppm 
26 days Av. 1 . 4 7  
End of trial Av. 1 . 84 
S erum zinc, ppm 
26 days Av. o. 5 4  
End of trial Av. o. 83  
Liver copper, ppm Av. 1 7  
Liver zinc, ppm Av. 177  
( Dry basis) 
a Three lots of 6 pigs each per treatment. 
Basal plus 
250 PEm cub 
18 
40 . 0  
205 . 9  
1 .  7 7  
1 . 69 
1 . 44 
1 .6 3  
5 . 9 5  
3 . 5  7 
3 . 38 
4 . 04 
3 . 66 
1 . 81 
2 . 18 
0 . 10 
o .  76  
44 6 
1 6 7  
Basal plus 
100 ppm F eb 
and 
100 PEID znb 
1 7  
39 . 8  
2 06 . 5  
1 .  74 
1 . 65 
1 . 5 3  
1 . 6 4  
5 . 78 
3 . 49 
3 .  5 7 
3 . 5 1  
3 . 5 2  
1 . 6 1  
2 . 15 
1 . 44 
1 . 1 7  
22 
318 
B asal plus 
250 ppm Cu 
100 ppm Fe 
and 
100 EEID Zn 
18 
39 . 9  
216 . 2  
1 . 69 
1 . 79 
1 . 6 8  
1 .  72 
5 . 7 6  
3 . 3 3 
3 . 25 
3 . 33 
3 . 30 
1 . 78 
2 . 31 
1 . 34 
1 . 24  
175  
344 
One p ig died in treatment 3 ,  data not 
included. Initial weights averaged approximately 46 , 40 and 34 l b .  for replica tes 
b 
1 ,  2 and 3 ,  respectively. 
Cu = copper, Fe = iron, Zn = zinc . 
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Table 3. Resul ts of Feeding High Levels of Copper, Molybdenum, Zinc and Iron (Trial II) 
Mo, Cu Cu, Cu,Mo, 
R.eE Basal Mo Zn+ Fe Zn+ Fe Cu +Mo Zn+ Fe Zn+ Fe 
No. o f  pigsa 15 15 15 15 14 13 15 15 
Av. init. w t. ,  lb. 51.5 51.4 51.5 51. 7 51. 4  52. 5  50. 5  51.2 
Av. final wt., lb. 194 .8 194 .6 212 .5 207. 8 187.8 186. 1 192 . 7 191. 6 
Av. daily gain, lb. l 1.55 1. 5 5  1.87 1.75 1. 62 1. 57 1. 70 1. 66 
2 1. 38 1.46 1.63 1. 6 7 1. 40  1.4 9 1. 31 1.60 
3 1.69 1. 61 l. 72 1.63 1.40  1. 27 l. 61 1. 29  
Av. 1.54 1.5 4 1. 74 1.68 1.47 1.44 1. 5 4  1. 52 
Av. daily feed, lb. Av. 5 .38 5.34 5. 98 5.5 7 5 . 2 1  5 . 36 5 .43 5.19 
Av. feed/lb. gain, lb. l 3.55 3. 49  3. 4 7  3. 31 3. 41 3. 4 8  3. 50 3.47 
l'0 2 3.5 9 3.60 3. 27 3. 34 3. 69 3. 66 3. 39 3. 30 IJl (Jl 
3 3.36 3. 34 3. 5 8  3.2 9 3.52 4. 06 3. 69 3. 50 I 
Av. 3.50 3. 4 8  3.44 3.31 3. 54 3. 73 3. 53 3. 42 
Hematocrit ( %) 
23 days Av. 39. 3 4 0 . 3  40 . 2  41.5 35 .3 35. 3  37. 3 36. 7 
At slaughter Av. 45 . l 44 .1 44 . l  4 3. 8 38.l 38. 4 40. 6 40. 2 
Hemoglobin (gm. %) 
23 days Av. 11. 91 11.92 12 .07 12. 48 10.14 10. 32 10. 75 10. 47 
A t  slaughter Av. 13.75 13.4 7 13. 70 14. 00 11.05 11. 14 11. 93 11.94 
Blood serum, 23 days 
Copper, ppm Av. 1. 66 1. 79 1.70 l. 71 2.21  2 . 2 5  2. 15 2 .03 
Zinc, ppm Av. 0 .2 1  o. 32 1.05 1.04 0 .4 9 0 . 5 6  1. 02  0 .95 
a Three replicate lots of 5 pigs each per treatment. Three pigs died and da ta not included. Initial 
weights averaged approximately 62, 44 and 4 8  lb. for replicates l, 2 and 3, respectively. 
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Effects of Interval Feeding Two Types of Gestation Rations 
on Rep roductive Perfonnance of Sows and Gilts 
George w. Li bal and Richard C .  Wahlstrom 
It has been established at this and other research stations that more 
desirable reproductive p erformance can be obtai ned i n  limit feeding p r egnant 
females as compared to ad li bitum feedi ng. There has been consi derabl e i nterest 
i n  various methods of feeding in order to make the mo st efficient use of labor 
and eq uipment. This exp eriment was designed to study r eproductive p erformance 
of gilts and sows i nterval fed two typical and yet considerably di fferent gestation 
rations. 
Procedure 
The exp eriment i nvolved two trials, one i n  the winter of 196 8-69 and one 
i n  the summer of 1969 . In each trial, eq ual numbers of fi rst litter gilts 
and eq ual numbers of aged sows were al lotted to each ration treatment. They 
were allowed access to self-feeders for two hours on Ho nday, Wednesday and 
Friday. No a dditional feed was available . Th e comp osition of the two exp erimental 
di ets i s  shown i n  table l .  
Winter Trial 
Two p ens of sows and two of gilts were used i n  th e winter tri al . Twenty 
sows and 26 gilts were allotted to treatment outcome groups after about th e 
third week of gestation on the basis of weight and ancestry. Weight gain and 
feed consump tion were recorded from the i ni tiation of the trial 1.ttltil three 
days b efore the first sow farrowed and then the records were termi nated. The 
number of pigs, both live and stillborn, was recorded at farrowi ng .  Weigh ts 
were ob tai ned on all p i gs on th e day they were born . 
Th e results of the winter trial are shown i n  tab le 2 .  
Sows 
The sows consumed app roximately the same amount of feed regardless of 
diet (5 . 7  a nd 5 .8 lb . for diets A and B, respectively) . However, the sows 
receiving the higher energy diet, diet B, consumed about 25% more calories 
of metabolizable energy than did the sows recei ving the bulky d i et, diet A, 
and gained an average of 5 lb. more duri ng the gestation p eri od. Sows on the 
high energy diet farrowed an average of one more live pig p er litter (12 . 3  
vs .  11 . 3) and averaged 0 . 5  more stillborn pigs p er litter than sows fed the 
bulky di et. Pig birth weigh ts were similar resulting i n  slightly greater total 
li tter weights by sows fed the high energy di et becaus e of larger litters . 
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Gilts 
The gilts receiving the high energy diet consumed app roximately 29% more 
feed than those fed the b ulky ration , 3 . 4  and 4 . 4  lb . per day , respectively . 
With the addi tional feed consumed and the higher energy content o f  the die t ,  
gi lts consuming diet B averaged 6 ,  349 Kcal . H .  E .  (metaholizab le energy) per 
day while those receiving the bulky diet consumed an average of 3 ,  722 Kcal . 
M. E .  per day . The energy consumed by the gilts fed the b ulky ration was less 
than the Hational Research Council ' s  recommended level for bred sows . However ,  
these gilts did gain an average of  3 5  lb . during gestation while those gilts 
consuming the h igher energy ration los t  an average of 9 lb . The reason for 
this is difficul t to exp lain, b ut it should be noted that an extreme amount 
of snow and s everal s torms and cold weather occurred during this trial . 
Gilts receiving the b ulky ration farrowed an average of 9 . 8  p igs per li tter 
or 2 2% more live pigs than the 8 p igs p er litter farrowed by the gilts fed the 
higher energy ration .  Hore s tillb orn p igs were also farrowed by gilts fed the 
bulky ration . Pig b irth weights were s imilar , but s lightly heavier,  for p igs 
f rom gilts fed the b ulky ration . 
S ummer Trial 
Two p ens of s ows and two pens of gilts were us ed in the s ummer trial and 
handled the s ame as in the winter tri al . Twenty-six s ows and 18 firs t litter 
gilts were p laced on tes t in the third week of ges tation . As in the p revious 
tri al , weight gain and feed cons umption were recorded during gestation . At 
farrowing , s ow weight loss was measured by weighing the s ow j us t  before and 
j us t  after f arrowing. The number o f  live p igs , s tillborn p igs , and mumified 
pigs were observed.  Pig b irth weigh t  was ob tained on the newborn pig before 
it  was allowed to nurse .  Gestation length and time required t o  farrow were 
recorded. 
The results o f  the s ummer tri al are shown in table 3 .  
Sows 
During the s ummer trial , s ows f ed the high energy diet cons umed more feed 
than did the s ows fed this ration during the winter tri al , whi le the b ulky ration 
was consumed in s imilar amounts during winter and summe r .  Thus , app roximately 
45% more feed was consumed by the s ows fed diet  B during the s ummer compared 
to those fed diet  A and gestation gains averaged 98 and 4 3  lb . for s ows fed 
diets B and A, respectively . 
Sows consuming the high energy diet farrowed an average of 2 . 1  more live 
pigs per litter ( 1 1 . 7 as compared to 9 . 6) and had fewer s ti llborn and no mumified 
pigs . S ow weigh t  loss during p arturition and ges tation length were s imilar 
between treatments . The average length of  time requi red for farrowing was 6 . 1  
hours for s ows fed the h igh energy diet and 4 . 4 hours for those receiving the 
b ulky die t .  This increased f arrowing time may b e  ass ociated with the larger 
litters farrowed by those s ows . 
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Gilts 
Similar to the winter t ri al , the gilts receiving the high energy diet 
cons umed about 30% more feed than thos e receiving the b ulky diet .  Average 
consumption o f  both diets was app roximately 0 .4 to O. 6 lb . per  day more than 
during the winter p eriod.  Howeve r ,  ges tation gain was considerab ly increas ed 
during the s ummer with gilts fed the high energy diet gaining 118 lb . and thos e 
fed the b ulky ration gaining 6 1  lb . This difference is p robab ly largely due 
to the di fference in maintenance requirements during winter and summer periods . 
Unlike the sows , gilts fed the b ulky diet farrowed more live p igs than 
gi lts receiving the h igh energy die t , 10 . 8  and 9 . 9  pigs , respectively .  This 
is in agreement with the farrowing results of the winter t ri al where a s imilar 
difference was noted. Ges t ation length was ab out one day shorter and farrowing 
t ime app roximately two hours longer for the gilts fed the b ulky diet . 
Sunnnarv 
Us ing the interval feeding method , two hours per day on Monday , Wednes day , 
and Friday , 4 6  sows and 4 4  firs t  litter g ilts were fed two di fferent ges tation 
diets differing in energy content . Trials were conducted in b oth the s ummer 
and winter s easons . In both t rials , sows receiving the high energy diet gained 
more weigh t  during ges t at ion and farrowed more live p igs . During the winter 
t ri al no difference in feed consump tion due to t reatment was observed. However , 
in the s ummer t rial sows receiving the high energy die t  cons umed more feed 
daily than thos e receiving the b ulky diet .  
Res ul ts from the gilts were cons iderably di fferent than those o f  the sows 
indi cating p ossib le differences in  requirements under thes e conditions . During 
both t rials gilts cons umed about 30% more o f  the high energy diet than o f  the 
b ulky diet . Howeve r ,  in the winter t rial these gi lts actually los t weight 
while those eating less o f  the b ulky die t  g ained weigh t .  During the s ummer 
t rial both gro ups gained weight with those fed the high energy die t  gaining 
the mos t .  In both t ri als mo re live p igs were farrowed by the gilts receiving 
the b ulky diet.  
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Tab le 1 .  Comp osition o f  Diets 
Ingredient 
Ground com 
S oybean meal ( 44%) 
Dehydrated alfal fa meal 
Ground o ats 
Di calcium phosphate 
Limestone 
Trace mineral s al t  
Vi tamin premixa 
Calories o f  metabolizab le 
energy per lb . o f  feed 
A 
30 . 0  
8 . 5  
30 . 0  
30 . 0  
1 . 0  
o.s 
+ 
100 . 0  
1 , 083  
B 
79 . 0  
1 8 . 5  
0 . 9 
1 . 1  
o . s  
+ 
100 . 0  
1 ,4 4 3  
a 
S upplied the fol lowing per ton o f  die t :  3 0  million r . u .  o f  
vitamin A, 2 mi llion r . u . o f  vit amin Dz , 30 gm . o f  riboflavin, 
1 20 gm. o f  panto thenic acid,  160 gm .  of niacin and 100 
mg . of vitamin B l2 . 
3 0  
- 5 -
Tab le 2 .  Resul ts o f  Winter Trial 
Sows Gilts 
T reatment A B A B 
No .  of animals 6a 6a lob l lb 
Av. ini t .  wt. , lb . 45 1 . 5  468 . 3  304 . 3  321 . 3  
Av. final wt . ,  lb . 4 67 . 3 4 88 .5 3 39 . 8  312 . 5  
Av. wt.  gain during 15 . 8  20 . 2  3 5 . 5  -8 . 8  
ges tation 
Av. no . live pigs born 11 . 3  12 . 3  9 . 8 s. o 
Av. pig wt . ,  lb . c 3 . 2  3 . 3  3 .0 2 . 8 
Av. no . s ti llborn p igs o . 8  1 . 2  1 . 2 o . s  
Av. dai ly feed cons umed 5 . 7  5 . 8 3 . 4 4 . 4  
thro ugh gest ation , lb . 
Calories o f  M. E. 6 , 173  8 , 3 69 3 ,  72 2 6 , 349 
consumed per day 
a Ten s ows s t arted on e ach t reatment b ut only 6 in each case 
b 
were s et tled. Feed consump tion is based on al l ten . 
Thirteen gilts s t arted on e ach t reatment b ut only 10 and 11 on 
t reatments A and B ,  respectively , were s ettled. Feed consump tion 
is b ased on all 1 3 .  
c Weighed within firs t  day o f  birth . 
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Table 3 .  Res ul ts o f  S ummer Trial 
No . o f  animals 
Av. ini t .  wt . ,  lb . 
Av. final wt. , lb . 
Av. wt . gain d uring 
ges tat ion 
Av. no . live pigs born 
b Av. p ig wt . , lb . 
Av. no . s tillborn p igs 
Av. no . mtunified pigs 
Av. s ow parturition 
wt . loss , lb . c 
Length o f  farrowing 
interval , hr.  
Ges tation length , days 
Av. daily feed consumed 
thro ugh gest ation , lb . 
Calories of  M. E .  
cons tuned per day 
A 
13 
36 3. 2 
406 . 2  
4 3 . 0  
9 . 6  
2 . 6  
0 . 5  
o . 4  
40 . 8  
4 . 4  
113.  7 
5 . 3  
5 , 74 0  
Sows 
B 
1 3  
3 9 1 . 1  
4 89 . 6  
98 . 5  
11 . 7 
2 . 5  
0 . 1 
o . o  
4 2 . 5  
6 . 1  
112 . 9  
7 . 7 
1 1 , 111 
Gi lts 
A B 
297 . 4 30 2 . 6  
358 . 5  420 . 3  
6 1 . 1 117 .  7 
10 . 8  
2 . 4 2 . 7  
0 . 3  0 . 1 
o . o 0 . 1  
31 . 6  32 . 7  
6 . 3 4 . 5  
113 . 5  114 . 6  
3 . 8 5 . 0  
4 , 1 15 7 , 215 
a Nine gil ts s tarted on experiment in each treatment .  However , 
one died at parturition in e ach tre atment and the data eliminated . 
b 
Feed consumption is fo r all nine gilts . 
Bir th wt.  were t aken on newly b orn dry p igs b e fo re nurs ing . 
c Sows weighed immediately befo re and after p arturition b e fo re 
pigs nursed.  
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S outh Dakota S tate University 
Brookings , S outh Dakota 
Department of Animal S cience 
Agricul tural Experiment S t ation 
In Vitro S urvival o f  Washed 
Boar Spermatozoa 
H .  L .  Singleton 
A. S .  S eries 69-43 
Fertility of b oar s emen s tored under p resent condi tions is at b es t  only 
adequate after 24 hr.  of  s to rage and decreases sharply thereafter. It is usually 
recommended that b oar s emen not b e  s tored more than 4 8  hr. for artificial insemi­
nation use .  The goal is  t o  find a means whereby b oar semen ferti lity could 
b e  retained indefinitely by freezing . Until a s uccess ful freezing technique 
is found , a method of s toring boar s emen for a period o f  four to five days at 
above freezing t emperatures would be o f  value to arti ficial ins emination o f  
swine . 
Several s tudies have shown that spermatozoa s tored in the epidi dymis may 
remain irrnnotile , but fertile , for s everal days in the sexually inactive mal e .  
It  is  thought that during ej aculation when the spermatozoa come into contact 
with the access ory gland s ecretions their metabolism and motility are s timulated. 
I f  this high rate o f  metab olism is not reduced , the length of  in vitro s urvival 
time is rather short . The metabolic rate may b e  decreased and the duration o f  
fertility and motility increased b y  s everal methods such as decreased temp erature , 
addit ion o f  metab olic inhibi tors and the alteration o f  certain ionic ratios . 
The obj ective o f  this experiment was to s tudy the effect of  removing the 
s eminal p lasma immediately after ej aculation on the in vitro survival o f  
spermatozoa. 
Experimental P ro cedure 
The sperm-ri ch fractions o f  20 ej aculates from two mature Yorkshire b oars 
were co llected by the gloved hand technique . An equal vo lume o f  semen from 
each boar was p ooled and che concentrati on and initial mo tility were determined. 
One p ortion o f  the p ooled s em�n was centri fuged at 5 50 g for 7 minutes and the 
s eminal plasma was removed by aspiration . The s permatozoa were res uspended 
and washed twice in an equal volume of an arti fi ci al medium containing 0 . 30 
gm. glucose , 0 . 15 gm. s odium b icarbonate,  0 . 1  gm. dihydro s treptomycin, and 0 . 06 
gm. penicillin "g" s odium p er 100 ml .  dis ti lled water . One aliq uo t  of washed 
spermatozoa was resuspended in the artificial medium and another aliquo t  in 
the artifici al medium p lus 2 0% egg yolk to a concentration o f  108 sperm per 
ml .  The unwashed portion was extended to 1 08 sperm per ml . in the arti fi cial 
medium p lus 2 0% egg yolk. Aliquo ts of each s uspens ion ·were incubated for two 
hr.  at 3 8° c .  in a cons tant vo lume respirometer at 0 hr .  to measure oxygen 
cons ump tion. The s emen was s tored at 15° c . for 7 2  hr.  and mo tility estimations 
(hanging drop technique) were made at O ,  24 , 4 8  and 72 hr .  by warming an aliquo t 
to 38° c .  and diluting 1 : 1  with a phys iological dextrose solution . 
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Results and Dis cussion 
TI1e mean mo ti lity es timations for each method o f  s torage are shown in tab le 
1 .  The motility o f  washed boar spermatozoa resuspended in an artificial medium 
with egg yolk exhibited a higher percent motility at each 2 4  hr .  period o f  s to rage 
than s permatozoa resuspended in only the artifi cial medium or unwashed spermatozoa. 
Oxygen consump tion for a tuo hr . period indicates that the rate of metab olism 
for washed spermatozoa either resuspended in only the arti ficial medium or in 
the artificial medium p lus egg yolk was lower (115 mcl . and 128  mcl . /spermatozoa , 
respectively) than unwashed spermatozoa (18 7 mcl . / 108 spermatozoa) . 
These data indi cate that removing the s eminal plasma immediately after 
ej aculation may be of some value in increasing the s urvival time of boar 
spermatozoa when s to red at 15° c. in an artificial medilll11 .  
Tab le 1.  11ean Percent Ho ti lity o f  Spermatozoa 
S to red at 15° c .  for 72 llr .  
Treatment 
Washed and s tored in 
artificial medium 
Washed and s tored in 
artificial medium 
p lus egg yolk 
Unwashed and s to red in 
artifi cial medium 
p lus egg yolk 
0 
84 
84 
84 
34 
Hours of  S torage 
2 4  4 8  
6 5 . 7 4 7 . o  
7 0 . 6 5 5 . 5  
50 . 6  2 7 . 2 
7 2  
2 2 . 4  
35 . 2  
12 . 3  
South Dakota S ta t e  Unive rs ity 
B ro okings , South Dakota 
Department of Animal S ci ence 
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Effect o f  Res t ri cted Weight Gain and/o r  Dich lo rvos 
on Rep ro duct ive Perfo nnance o f  Gravi d G i l ts 
R .  H .  An derson and R. C. t-Jah ls t rom 
In recent years much o f  the interes t in nut ri t ion o f  th e gravid s ow h as 
b een centered aro und res t ricting feed intake reg ardles s o f  the weight g ain 
of the s ow .  I t  has now b ecome a common p ract ice t o  res t rict intake s o  tha t  
weight gain during ges t ation is limi t ed to a maximum of 75 t o  100 pounds . More 
recently , there h as b een s ome interes t in the feeding o f  2 , 2  - di chloroviny l  
dimethyl phosphate (dichl o rvos) near the end of ges t at i on t o  at t emp t t o  increas e 
the number o f  l ive p igs b orn and growth ra te fo l lowing b irth . 
This report deals with the weight g ain o f  the s ow and the use o f  d i ch lo rvos 
as well as p re farrowing energy level t reatment o f  the s ow and h ow they af fect 
the p ro duct ivity o f  the s ow and the performance o f  the newborn p i g  immediat e ly 
fo llowing b i r th .  
Experimental P ro cedure 
Fi f ty- two gravid , c rossbred gilts were r andomly allotted into four t reatment 
groups . All gil ts we re maint ained in di rt lots and g ro up fed according to 
the weekly weigh t  gain t reatment o f  e ach g ro up as shown in t ab le 2 .  Al l gro up s  
were f e d  the rat i on as shown in t ab le 1 .  The gi lts were fed once dai ly with 
wat er s upplied ad libitum. All gilts were weighed weekly and the amo un t  o f  
feed fed p e r  grO'Up per day was detennined by the amoun t  of weight gained during 
the p receding week . 
Tab le 1 .  
Ingredient 
O ats 
Al fal fa 
S oybean me al (44%) 
Mo l as ses 
Me at s craps 
Comp os i t i on o f  Ration 
Pe rcent 
3 5  
45 . 0  
35 . 0  
10 . 0  
5 . 0  
5 . 0 
Group 
1 
2 
3 
4 
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Tab le 2 .  Gilt Treatment 
Weight Gain 
0-20 lb . 
20-45 lb . 
0-20 lb . 
20-45 lb . 
Dichlorvos 
none 
none 
800 mg . /day 
800 mg . /day 
An attemp t  was made to res tri ct the gain o f  gilts in gro ups 1 and 3 to 
less than 20 lb . during ges tation ,  while gilts in groups 2 and 4 were allowed 
to gain from 20 to 45 lb . Gil ts in groups 3 and 4 were fed 800 mg . di chlorvos 
per day for 2 1  to 30 days p rior to farrm;ing . At the 104th day of  ges tation 
each gilt was weighed , placed in a clean farrowing pen and assigned to one o f  
the following p refarrowing energy t reatments : ( 1 )  Bas al ration to meet their 
maintenance requirement ,  ( 2) maintenance requirement p lus 100 0 Kcal . diges tib le 
energy per day , or ( 3) maintenance requirement p lus 2000 Kcal . diges tib le energy 
per day . S ugar and fat were added at the rate o f  15% to rations 2 and 3 ,  respectively , 
to increase the energy intake and yet keep the total feed intake uniform between 
treatments . 
Each gilt was weighed j us t  befo re farrmving and again innnediately after 
farrowing. At birth each pig was weighed and identified by litter and order 
of birth within the litter . The firs t eight pigs b orn were then ass igned to 
eight di fferent t ime treatments fo llowing birth .  At the proper time of either 
0 ,  6 ,  12 , 18 , 2l1 , 36 , 4 8 ,  or 7 2  h r .  after birth each pig was killed and various 
tissue s amp les were collected fo r a chenical s tudy (not to be reported here) . 
Results 
The res ults o f  this experiment are shown in tables 3, 4 ,  and 5. Although 
not s tatis tically s igni fi cant , there were s light di fferences in weight gain 
of the gilts during the ten-day energy level treatment. Those gilts receiving 
the ration with 15% added fat gained the mos t  weight ( 1 7 . 8 lb . ) , those on ration 
B containing 15% added s ugar gained s lightly less ( 1 7 . 5 lb . ) , and those on the 
control ration gained the least ( 15 . 2  lb . ) . Even though weight gain treatment 
of the gilt p rior to the. energy level treatment had no s t atis tically s ignificant 
effect on weight gain during the energy level treatment , those gilts gaining 
the leas t p rior to the ten-day t reatment did gain the mos t  during the ten-day 
treatment.  Ho�ever, the exact oppos ite was true between dichlorvos treatments . 
There were no imp ortant differences in ges tation length due to any of  the treatments 
in this trial . 
The mos t  total and live p igs were farrowed by gilts on the lower weight 
gain and no dichlorvos treatment .  TI1e s econd mos t  total and l ive pigs were 
farrowed by gilts on the higher weight gain and treated with di chlorvos , with 
the remaining two groups b eing nearly equal in numbers o f  p igs  per litter . 
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Average b i rth weight was not affe cted by any t reatment . However ,  the l i t ters 
with a s maller number of p i gs had h eavi er average b irth weigh ts than litters 
with a g reater numb er o f  p igs . This is in agreement with previous ly reported 
wo rk that there is an invers e ral ati onship b etween litter s iz e  and b irth weigh t . 
There were s ome di f ferences in wei gh t  g ain o f  the pigs fo llowing b irth . 
The p ercentage increas e in b i rth weight o f  p i gs f rom gilts fed di ch lorvos was 
l es s  than that o f  p igs f rom the contro l  gilts at 7 2  h r .  of age (26 . 3% compared 
to 34 . 0%) . Figure 1 shows the g rowth of all p i gs in this experiment and reflects 
the di f ferences due to t ime t reatment . The values shown h ere are the p e rc entag e  
increas es in b i rth weight a t  e ach o f  the s pe ci fied t ine intervals . I t  is o f  
interes t t o  note the depres s ion i n  the rate o f  growth at 1 2  h r .  and again at 
48 hr. after b i r th .  
S ummary 
Fifty-two gravid gi lts rep resenting four t re atment g ro ups were fed to 
gain e i ther 0 t o  20 or 20 to 45 lb . during ges t at ion and received either 0 
o r  8 00 mg . o f  di chlorvo s  dai ly from 2 1  to 30 days p ri o r  t o  farrowing . In addi tion 
each gilt was randomly p laced on one o f  three energy intake levels f o r  10 d ays 
p ri o r  to farrowing. S ugar o r  fat was added at th e rate o f  15 % o f  the t o tal 
ration to increas e  energy intake 1000 Kcal . and 2000 Kcal . p e r  day , respect ively , 
over the cont ro l  r ation which was fed at a rate t o  mee t  the res t ing me tab o li c  
requirement o f  the gil t .  Thes e rat ions were fed from day 1 0 4  o f  ges t ation 
unti l  the gilt farrowed .  Eight p igs f rom e ach l i t te r  were ki lled each at one 
of e igh t time intervals ( f rom 0-7 2  h r . ) after b i rth fo r ch emical analys is and 
the amo unt o f  increas e  in b irth weigh t  was de termined . 
During the t en-d ay p re fa rrowing t re atment , the weight gain o f  the g i l ts 
was direct ly re lat ed to the amount o f  energy they received daily .  Ges t at ion 
length was not affected by any o f  the p re farrowing t re atments . Gil ts on the 
lower weight gain t reatment and receiving no di ch lo rvos p ro duced the mos t  p igs 
p e r  l i t ter fo llowed by the h igher g aining gilts th at re cei ved di ch lorvos , wi th 
ave rage b i rth weight b eing inve rs e ly related t o  numb er o f  p igs born . Gilts 
re ceiving no dichlorvo s p ro duced p igs that h ad greater b ody weigh t  g ains t o  
72 h r .  o f  age than di d p i gs f rom gi lts receiving dichlorvo s . 
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Tab le 3 .  Perfo rmance o f  Gi lts on Two Weight Gains , Di chlorvos Treatment 
and Three Energy In take Levels Prior to Farrowing 
Gi lt Wt . Gain Dichlorvos Pre farrowing energl levels 
n:..20 lb . 20-45 lb . 0 800 mg . Contro l +1000 Kcal . +2 000 Kcal . 
( 26 ) a ( 21) ( 2 5) ( 2 2) ( 1 7) ( 15) ( 15 )  
Ges tation wt . gain . lb . 8 . 73 27 . 3  7 2 3 . 96 9 . 22 18 . 6 2  17 . 4  7 13 . 79 
P refarrowing energy l evel 1 7 . 73  14 . 5 6  1 7 .  9 5 14 . 4 8  15 . 18 1 7  . 5 1  1 7 .  84 
t reatment wt . gain , lb . 
Total ges tation wt . gain , lb . 26 . 46 41 . 9 3  41 . 9 1  2 3 . 70 33. 80 34 . 98 31 . 6 3  
Wt . loss a t  farrowing , lb . 45 . 5 2  5 2 . 4 9  4 7 . 4 1  49 . 79 4 8 . 44 48 . 29 48 . 9 3  
Ges tation length 113 . 00 113.  90 11 3 . L�O  113 . 50 113 .  20 113 . 40 113. 70 
w Pigs farrowed 
00 per litter 1 0 . 7 3  10 . 4 3  10 . 6 8  10 . 5 0  9 . 94 10 . 4 0  11 . 5 3  V1 
Pigs farrowed alive 10 . 46 10 . 4 3  10 . 48 10 . 23 9 .  76 10 . 00 1 1 . 4 0  
p e r  litter 
Av. birth wt . ,  lb . 2 .8 2  3 .04 2 . 9 1  2 . 9 3  2 . 90 3 . 02 2 . 84 
Wt . gain to 7 2  h r. , % 30. 75 3 0 . 4 3  3 4  . 04 26 . 31 30 . 86 31 . 9 3  29 . 06 
( 26)  ( 1 7) (24)  ( 19 )  ( 15 )  ( 14)  (14 )  
a Numbers i n  parenthesis indicate the number of pigs represented i n  e ach average . 
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Table 4 .  Perfo rmance o f  Gilts o n  Three Energy Intake Levels P rior t o  Farrowing 
Dichlorvos 
Treatment Contro l 
Ges t ation Wt . 
Gain T reatment 0-20 lb . 20-45 lb . 
P re farrowing energy A ( 5) a B ( 4 )  c (4) A (4) B (4)  c (4 ) 
level t reatment 
Gestation gain , lb . 16 . 9 0  8 . 2 1  2 2 . 4 4  22 . 7 3  43.  34 26 . 18 
P re farrowing energy 1 9 . 18 19 . 4  7 23 . 2 1  1 3 .  35 18 . 11 19 . 4  7 
level t reatment 
gain, lb . 
To t al ges tation 3 6 . 08 27 . 6 8 4 5 . 6 5  36 . 08 6 1 . 45 45 . 65 
wt.  gain , lb . 
W t .  los s due to 4 2 . 50 4 8 . 9 5  4 7 .  9 2  42 . 8 6  49 . 9 4  55 .59 
farrowing, lb . 
Ges t ation length 112 . 20 112 . 00 114 . 5 0  114 . 00 114 . 25 1 13 . 50 
Pi gs farrowed 1 1 . 00 12 . 00 1 1 .  75 8 . 2 5  9 . 2 5  1 1 .  75 
per litter 
Pigs f arrowed alive 11 . 00 11 . 25 1 1 . 5 0  8 . 2 5  9 . 00 11. 75 
per litter 
Av.  birth wt . , lb . 2 . 6 8 2 . 75 2 . 86 3 . 10 3 . 36 3 . 12 
W t .  g ain t o  7 2  37 . 14 27 . 5 8  34 . 5 2  36 . 75 39 . 33 28 . 81 
hr.  % 
a Numbers in p arenthesis indicate the number o f  pigs represented in each average . 
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Tab le 4 .  Continued 
Di ch lorvos 
Tre atment 800 mg . /daz 
Ges tation Ht . 
Gain T reatment 0-20 lb . 20-45 lb . 
P refarrowing energy A ( 5) B (4 ) c (4) A ( 3) B ( 3) c (3) 
leve l treatment 
Ges tation gain , lb . 6 .99  -5 . 9 7  -7 . 5 2  28 . 16 26 . 25 14 . 2 2 
P re farrowing energy 1 1 . 9 7  20 . 4 2  18 . 70 16 . 35 10 . 2 7  7 . 41 
level t reatment 
gain , lb . 
Tot al ges t ation 18 . 96 14 . L�5  11 . 18 44 . 5 1  3 6 . 5 2  21. 63 
w t. gain, lb . 
Wt . loss due t o  48 . 8 4  4 2 . 6 4  42 . 20 6 5 . 19 5 2 . 80 52 . 5 8  
farrowing, lb . 
Ges tation length 113 . 60 113.  50  112 . 5 0  113.  00 113 . 7 0  114 . 7 0  
Pigs farrowed 9 . 8 0  9 . 25 10 . 75 10 . 6  7 11 . 3 3 12 . 00 
per li tter 
Pigs farrowed alive 9 . 4 0  9 . 25 10 . s o  10 . 3 3  10 . 6  7 12 . 00 
per l i t ter 
Av . b i rth w t . , lb . 3 . 11 3 . 23 2 . 73 3 . 0 2  3 . 0 2  2 . 96 
Wt . gain to 7 2  22 . 49 3 3 . 0 3  30 . 22 2 7 . 2 8  23 . 66  16 . 35 
h r .  % 
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Table 5 .  Pe rfo nnance o f  Gi lts on Two Weight Gains and 
Dichlorvos Treatment 
Dichlorvos Treatment 
Weight gain 
treatment 
Ges tation wt . gain , lb . 
P re farrowing energy level 
t reatment wt . gain , lb . 
To tal ges t ation wt . gain , 
lb . 
Wt . loss at farrowing , lb . 
Ges tation length , days 
Pigs farrowed per 
litter 
Pigs farrowed alive 
p er lit ter 
Av. b irth wt . , lb . 
Wt . gain to 7 2  hr. , % 
(13)a 
0-20 lb . 
gain 
1 7 . 6  
18 . 8  
3 6 . 4  
46 . 2  
112 . 8  
11 . 54 
11 . 23 
2 . 76 
33 . 39 
Control  
(12) 
20-45 lb . 
gain 
3 0 . 8  
16 .9  
4 7 .  7 
44 . 8  
113 . 9  
9 . 75 
9 . 6  7 
3 . 19 
34 . 9 6  
8 00 mg . /day 
(1 3) (9) 
0-20 lb . 20-4 5 lb . 
gain gain 
- . 66 22 . 9  
15 . 9  11 . 3  
15 . 2  34 . 2  
44 . 9  56 . 8  
113 . 2  113 . 8 
9 . 9  2 11 . 3 3  
9 . 69 11 . 00 
3 . 0 3  3 . 00 
28 . 11 22 . 43 
a Numbers in p arenthesis indi cate the numb er o f  p igs repres ented in each 
averag e.  
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Figure 1 .  Percentage Increase in Birth Weight to 72 Hours . 
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South Dakota S tate Univers i ty 
B rookings , South Dakota 
Dep artment of  Animal S cience 
Agricultural Experiment S t ation 
Barley o r  Combinations of  Barley and Oats 
for Growing-Finishing Gilts 
A. s .  Series 69-4 5 
J.  w .  HcCarty , R. c .  Wahls trom and Albert Di ttman 
E fficient utilization o f  b arley alone or b arley and oats combined has b een 
the obj ect o f  a number o f  feeding trials with swine at the North Central S ubs tation, 
Eureka. An unreplicated trial during the growing- finishing period for 1968 spring 
pigs indicated essentially no di fference among rations using properly s upp lemented 
b arley alone or in three di fferent combinations with oats as the grain . Because 
o f  those unexpected resul ts a rep licated trial us ing the s ame treatments for 
1969 spring p igs  was conduc ted.  
Experimental Pro cedure 
S ixty-four crossbred SPF gilts (which were the heavies t 70% at weaning based 
on adj usted 3 5-day weaning weights) were used.  All gilts were by the s ame s ire 
and were allotted to two rep licates o f  4 treatments according to weight and litter.  
One replicate included the older and heavier half o f  the gilts , while the o ther 
replicate included the younger and lighter gilts . This made the two rep licates 
di ffer in initial weights b ut reduced the within lot variability in weight at 
the s tart . S tarting date was the s ame for all gilts . Each group was grown out 
in a grass-alfalfa pasture lot approximately one-half acre in s ize . Each lot 
had a shade-shelter , s elf- feeder and watering fountain . Bo th grower and finisher 
rations were s elf-fed, the change to finisher rations being made when the lot 
average weight was approximately 130 lb . Gilts were removed from treatment lots 
and l ive b ackfat p robes were made when weights of at leas t  190 lb . were attained 
at any regular weigh p eriod. 
The composition o f  the rations is shmm in tab le 1 .  Ration treatments using 
adequately s upplemented b arley o r  b arley and oats rations are shown below . 
Treatment 
1 
2 
3 
4 
43 
Grain Compos ition 
All barley - cont ro l 
Barley 2 parts - oats 1 part 
Equal parts b arley and oats 
Barley 1 p art - oats 2 parts 
Treatments 
Lo t Numbers 
Tab le 
1 
1 .  
l 
and 
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Composition 
5 2 
of  Rations 
2 3 4 
and 6 3 and 7 4 and 8 
Grow Finish Grow Finish Grow Finish Grow Finish 
Barley 
Oats 
Soybean oil meal (44%) 
Di calcium phosphate 
Ground limes tone 
8 2 3  
Trace mineralized s alt (high z inc) 
Vitamin-antibiotic premix 
908 548 
2 75 
Ration Ingredients 
606 4 12 
302 411 
S upplement 
Grower 
150 
15 
5 
5 
2 . 5  
454 275 
454 548 
for All ltations 
Finisher 
7 0  
11  
4 
5 
2 . 5  
Analysis o f  Rations 
Pro tein 
Calciun 
Ph osphorus 
Barley 
S amples 
Grower Finisher 
10 . 95 12 . 21 16 . 17 
0 . 04 0 . 21 0 . 66 
0 . 3 7 0 . 35 0 . 6 1 
1 3 . 9 4  
0 . 37 
0 . 46 
16 . 78 
0 . 6 3  
0 . 6 1  
Results and Dis cus sion 
14 . 8 7 
0 . 48 
0 . 48 
15 . 9 2  
0 . 7 3  
0 . 70 
15 . 28 
0 . 5 3 
0 . 5 2 
16 . 20 
0 . 68 
o . 6 3 
302 
606 
14 . 53 
0 . 5 2  
0 . 53 
Differences in performance (see table 2)  either among t reatments or  between 
lots on the s ame t reatment were smal l .  Gilts in lots 1 through 4 (heavier s tarting 
weights) gained s omewhat more rapidly and efficiently than gilts in lots 5 through 
8 (l ighter s t arting weights) . Res ponse to the treatments , however , was not the 
s ame within the two group ings o f  lots according to s t arting weigh t .  
The data sugges t that the all-barley ration and the ration of  one-third 
b arley and two-thirds o ats tended to produce greater gains and feed e ffi ciency . 
The ration containing eq ual p arts o f  barley and oats tended to be leas t des irab le .  
When data fo r the two lots on the s ame treatment are combined , the ration of  
one-third barley and tuo-thirds oats appears mos t  des irab le .  Comp aring this 
with the res ul ts fo r the ration of equal parts b arley and oats seems contradi ctory . 
The data do not s ugges t a reason for this contradi ction .  
In a previous t rial using the s ame ration combinations , gilts fed two p arts 
b arley and one part oats gained mos t  rapidly while gilts fed equal parts b arley 
and o ats gained l eas t rapidly but were mos t  efficient in feed use .  
Because o f  the small di fferences p ro duced by thes e treatments , and als o  
because o f  the variab le results when comparing thes e data with data from a previous 
trial , it is concluded that any o f  the rations used will support rapid and efficient 
gains for growing-finishing gilts . 
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Tab le 2 .  Pe rfo rmance S ummary fo r Gilts Fed Barl ey o r  Combinations 
of Oats and B arley Growing Rat i ons 
Treatment 
Numb e r  o f  gi lts 
Av . ini t .  wt . ,  lb . 
Av . final w t . , lb . 
Av. f inal age , days 
Av. daily gain , lb . 
Feed per lb . 
o f  gain , lb . 
Feed co s t  per lb . 
o f  gain , cents 
Av. daily gain , lb . 
Feed per lb . 
o f  gain , lb . 
Feed co s t  per lb . o f  
gain , c entsh 
Av . b ackfat p robec 
a 
1 
Contro l 
Al l B arlev 
Lo t 1 Lo t 5 
8 
59 
204 
144 
1 . 80 
3 . 00 
7 . 24 
0 .  76 
8 
46 
204 
145 
1 .  72 
3 . 2 1 
7 . 81 
1 .  76 
3 . 11 
7 . 53 
0 . 84 
2 
2 Barley 
1 Oats 
Lo t 2 Lo t 6 
8 
6 2  
2 05 
14 3 
1 . 84 
3 . 16 
7 . 64 
8 
48 
202 
144 
1. 71 
3 . 21  
7 . 70 
3 
l B arley 
l Oats 
Lo t 3 Lo t 7 
7 a 
58 
203 
144 
1 .  78 
3 . 13 
7 . 54  
8 
47  
197  
146 
1 . 6 5  
3. 29 
8 . 06 
Data S ummari zed by T re atments 
o. 75 
1 .  7 7  
3 . 19 
7 . 6  7 
a.so 
1 .  70 
3 . 22 
7 . 82 
0 . 8 3 0 . 80 
4 
1 Ba rley 
2 Oats 
Lo t 4 Lo t 8 
8 
5 0  
2 10 
142 
1 . 88 
2 . 9 2  
7 . 03 
0 . 8 3  
8 
46 
202 
147  
1 .  72  
3 . 24 
7 . 9 0  
1 .  79 
3 . 0 8  
7 . 4 7  
0 . 87 
One gilt died after 68 days on trial . Gain and feed usage remo ved .  
b Co s t s  were c al cul ated using the fo llowing values p e r  h undred weigh t o f  ing redients : 
B arley and o ats , $2 . 00 ; di cal cium phosph ate , $ 7 . 10 ;  g ro und l imes tone , $1 . 30 ;  
t race mineral iz e d  h igh- z inc s alt , $ 2 . 6 5 ;  vi tamin-antib iotic p remix , $18 . 00 .  
c Average o f  three l ive p robes measured : above the elb ow ,  ove r  the las t  rib , hal fway 
b e tween l as t  rib and base o f  the t ai l . 
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South Dakota St ate University 
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Dep artment of Animal Science 
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Marketing Butcher Hogs at Minimum Weights 
of Either 205 or 260 Pounds 
J. W. Mc Carty and Albert Dit tman l 
A. s .  Series 69-46 
Long held views about the neces sity of marketing hogs at weights between 
200 and 225 lb . appear to need changing as pro ducers are marketing a larger 
proportion of meatier hogs . These hogs retain their market des irabili ty in 
terms of lean yield without excess ive waste to weights of at leas t  250 lb . 
and in s ome inst ances heavier . Whether or  not s uch a marketing p lan is j ustified 
when the additional cos t  of production is considered is still not clear . A 
number of  factors influence these pro duction cos ts and returns . The trial 
reported here was an attempt to evaluate final market weight of slaughter hogs 
and the e ffects on carcass yield , carcass  des irability and p roduction cos ts 
and returns . 
Materials and Hethods 
This t rial was conducted at the North Central Substation ,  Eureka , using 
barrows produced in the SPF Hampshire-Duro c-Yorkshire ro tation cross herd. 
Sixty-four b arrows all by one Hampshire s ire were allo tted to two final weigh t  
treatments on the basis o f  weight and lit ter. Thes e barrows were the heavies t 
70 percent (based on an adj usted 35-day weaning weight) o f  the 19 69 spring 
pig crop.  Four lots were s t arted on the same date and continued to two minimum 
final weights o f  205 and 260 lb . Be cause of  some variabi lity in age of  p igs 
and therefo re starting weights , the lots on each treatment represented the 
olde r ,  heavier and younger , lighter pigs . Barrows were grown o ut in one-half 
ac re grass-alfalfa lots having a shade-shelter , self-feeder and watering fountain . 
All were self-fed the s ame comp lete,  mixed barley ration whose comp osition 
was as follows : 
Barley 
S oybean oil  meal (4 4%) 
Dical cium phosphate 
Gro und limestone 
Trace mineralized s al t  
(high zinc) 
P remixa 
Grower 
823 
150 
15  
5 
5 
2 . 5  
Finisher 
908  
70  
11  
4 
5 
2 . 5  
a Each pound o f  premix p rovided 2 gm. oxytetracycline , 600 , 000 
USP units vitamin A, 60 , 000 I . U .  vitamin D3 , 400 mg . rib oflavin, 
1 , 000 mg . d-p anto thenic acid , 3 , 000 mg . niacin , 2 3 , 044 mg . 
choline chloride , and 3 mg . vitamin B l2 activity . 
1 . Sup erintendent , North Central S ubstation ,  Eureka, South Dakota. 
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As the b arrows reached designated market weights , they were t rucked 160 
miles to a packing plant for slaughter and collection of  carcas s  data .  One 
loin from each c arcass was returned to the Univers ity at Brookings where the 
loin eye area was measured , a numb er of quality evaluations were made , and 
s amp les t aken for chemical and taste  panel s t udies . The lat ter data will b e  
reported at a l ater time. 
Results and Dis cussion 
Pigs p roduced at the Eureka S t ation in 1968 were marketed at final weights 
of 210 , 230 , 2 50 and 2 70 lb . Lean meat percentage was greates t at the lightest 
final weigh t .  P roduction costs were higher for each success ively heavier weigh t  
group , but returns were accep t ab le fo r all b ut the heavies t weight group . The 
trial reported here considered only the lighter final weight and als o  a minimum 
260 lb . for comp arison . Results were generally the s ame this s eas on as for 
the previous t rial . 
Table 1 summarizes the gains , feed costs , carc ass data and returns fo r the 
growing- finishing period. 
These data show excellent gains which reflect the fact  that only the heavier ,  
faster growing pigs o f  all those availab le were used in the trial . Carcas s  
data were des irab le for pigs o n  both t reatments indicating that pigs at either 
final weight were accep tab ly meaty . Although percent of lean cuts and percent 
of ham and loin were less for heavier b arrows , yields were s ti ll very acceptab le .  
Ho re feed was req uired both in total and per pound o f  gain by pigs marke ted 
at the heavier weights . Pigs marketed above 260 lb . used 9% more feed per 
pound of gain beyond the lighter marketing weigh t .  Although this addi tional 
feed requirement added an average of more than $5 per head to the feed cos t 
o f  carrying pigs to heavier weights , returns over feed cos ts fo r the finishing 
period were greater for the heavier pigs . 
Costs  and returns as shown do not include costs  fo r growing pigs to s t arting 
weights . Howeve r ,  these wo uld be essentially the s ame for both final weight 
t reatments . 
Although feed and p ro duction cos ts were greater for pigs marketed at heavier 
weights , the differential in s elling price was small enough that it was as 
p ro fitable to market at the heavier weights as comp ared to a lighter final 
weigh t .  
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Table 1 .  Performance o f  Barrows Marketed at Either 205 or 
2 6 0  Pounds Final Live Weight 
Lo t number 
Number of barrows 
Av. init . wt . , lb . 
Av. final wt. , lb . 
Av. final age , days  
Av. daily gain , lb . 
Feed per lb . gain , lb . 
Feed cos t per lb . gain , ¢ 
Feed cos t per head, s 
Number of  carcassesc; 
Av. carcass length , in. 
Av. carcass b ackfa t , in . 
Av. loin eye area ,  sq . ir • •  
Percent lean cuts 
Percent h am and loin 
Per head 
Value/cwt . at marke t ,  $ 
Gross return , $ 
Finishing feed cost ,  ;, ..,, 
Nonfeed cos ts , $e 
Return over finishing costs , $ 
Final Market Weigh t 
205 pounds 26 0 pounds 
9 11  10 
16 1 5a 15b 
43  59  45  
213 217 26 8 
1 41 143 170 
1 . 9 0  1 . 94 1 . 9 3 
3 . 46 3 . 42 3 .  7 2  
8 . 25 8 . 22 8 . 80 
14 . 02 12 . 94 19 . 58 
16 15 15 
30 . 0  29 . 9  3 1 . 9  
1 . 29 l . 28 1 . 48 
4 . 44 4 . 61 5 . 36 
6 1 . 2  6 1 . 0 59 . 7  
44 . C  44 . l 4 ? ; - · , 
25 . 69 26 . 22 24 . 88 
5 3 . 39 56 . 09 6 5 . 42 
14 . 02 12  • 9 L. 19 . 5 8  
� r c; 1 . 0  ... 7 r � , • O .:>  8 . 40 
31 . 7:.. 35 . 50 3 7 . 44 
a One pig removed befo re reaching market weight becaus e  it s topped growing . 
b One pig died after 1 6  d ays on trial . 
1 '} _ ,_  
15c 
60 
270 
1 70 
1 . 95 
3 . iO 
8 . 76 
18 . 06 
15 
32 . 2  
1 . 48 
5 . 50  
59 . 2  
43 . 3  
24 . 6 7 
65 . 38 
18 . 06 
8 . 40 
3 8 . 92 
c One p ig weighed only 2 2 7  lb . at the time all other pigs had been marketed 
so was removed as not representative of  that treatment . 
d Carcass data were collected with the interes ted cooperation o f  Annour and Co . ,  
Huron , South Dakota.  
e Includes charges for b uildings , equipment , veterinary , general overhead , 
ins urance , interes t ,  and labor.  
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S ummary 
Under the conditions o f  this trial feeding hogs to final weights o f  at 
leas t  260 lb . was as p ro fitab le as marketing in the 200 lb . weight range .  Heavier 
hogs required mo re feed , had higher feed cos t  and somewhat lower percentages 
of lean cuts and ham and loin .  However , s ince all of  the hogs us e d  in this 
trial were s ufficiently meaty by today ' s  s t andards , returns were pro fitab le 
at either final weigh t .  
49 
